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ABSTRACT 

The c o n t r i b u t i o n  of t h e  e x t r a g a l a c t i c  component of t h e  d i f f u s e  

background t o  t h e  1 keV e n e r g y  band r e m a i n s  unknown. An e f f e c t i v e  

w a j r  t o  a s c e r t a i n  t h i s  c o n t r i b u t i o n  is t o  measure  t h e  a b s o r p t i o n  o r  

t h e  e x t r a g a l a c t i c  component by the n e u t r a l  hydrogen  i n  t h e  Smal l  

M a g e l l a n i c  Cloud w i t h  a n  i n s t r u m e n t  c a p a b l e  of e l i m i n a t i n g  p o i n t  

s o u r c e s  f rom t h e  X-ray data  t h a t  compensa te  f o r  a b s o r p t i o n .  T h e  

Image P r o p o r t i o n a l  Coun te r  d a t a  f r o m  t h e  E i n s t e i n  o b s e r v a t o r y  c a n  

be used  f o r  t h i s  p u r p o s e .  A d d i t i o n a l l y ,  any  e x t e n d e d  e m i s s i o n  

m u s t  a l s o  be e l i m i n a t e d .  

compared t o  t h e  n e u t r a l  hydrogen  a n d  t h e  amourit of a b s o r p t i o n  'can 

t h e n  be o b t a i n e d  when compared t o  t h e  d i f f u s e  f l u x  a w a y  f rom the 

SMC. However, due  t o  o t h e r  t y p e s  of r a d i a t i o n  c o n t a m i n a t i n g  t h e  

X-ray d a t a ,  

o b t a i n e d .  

The r e s u l t i n g  s o u r c e  f r e e  da t a  c a n  be 

a t r u e  measure of t h e  X-ray a b s o r p t i o n  w a s  n o t  



INTRODUCTION 

C u r r e n t l y  t h e  f r a c t i o n  of t h e  d i f f u s e  X-ray background below 2 

keV t h a t  is of e x t r a g a l a c t i c  o r i g i n  is unknown. 

g r e a t e r  t h a n  2 keV, 

c o m p l e t e l y  of e x t r a g a l a c t i c  o r i g i n  b e c a u s e  i t  is i s o t r o p i c  i n  

n a t u r e .  

a n  11 E ' F h o t o n s  c m  - s sr keV I power l a w  {Eunner  P t  al 

1'379). 

A t  e n e r s i e s  

it is presumed t h a t  t h e  d i f f u s e  background is 

From 2 t o  1 0  keV, its s p e c t r u m  is c l o s e l y  r e p r e s e n t e d  by 

A p o s s i b l e  way t o  s e p a r a t e  t h e s e  components  is t o  measure t h e  

shadowing of  t h e  X-rays by a n  e x t r a g a l a c t i c  o b j e c t  and c o n p a r e  i t  

t o  measurements  of t h e  unabso rbed  X-ray background i n  o r d e r  t o  

f i n d  o u t  where t h e  power l a w  s p e c t r u m  t u r n s  o v e r .  

' c a n d i d a t e  t o  be used  f o r  o b s e r v i n g  X-ray shadowing is t h e  Small 

M a g e l l a n i c  Cloud LSMC). 

of t h e  n e u t r a l  hydrogen  h a s  a s u f f i c i e n t l y  h i g h  enough c3lumn 

d e n s i t y  t o  be ab le  t o  a b s o r b  s o f t  X-rays b e l o w . 2  keV. 

A good 

T h i s  is b e c a u s e  t h e  compact d i s t r i b u t i o n  

IrlcCammon e t  a1 (1971)  a t t e m p t e d  t o  measure t h e  a b s o r p t i o n  or' 

t h e  s o f t  X-ray background f l u x  below 284 e V  by t h e  SMC w i t h  a 

p r o p o r t i o n a l  c o u n t e r  on a s o u n d i n g  r o c k e t .  

c o n s i s t e d  of  5 12  d e g r e e  s c a n s  s p a c e d  2 . 5  d e g r e e s  a p a r t  w i t h  a 

r a t e  of 0 . 4  d e g r e e s l s .  

d e g r e e  and  a h a l f  a n d  t h e  p r o p o r t i o n a l  c o u n t e r  o u t p u t  p u l s e s  f o r  

311 c o u n t e d  e v e n t s  w e r e  t e lemeterd  w i t h  a r e s o l u t i o n  e q u i v a l e n t  t o  

8 ell i n  t h e  p u l s e - h e i g h t  i n t e r v a l  0 . 0 9  - 1 . 8  keV and  w i t h  50  e V  

r e s o l u t i o n  t o  11 keV. 

The e x p e r i m e n t  

The a s p e c t  w a s  d e t e r m i n e d  t o  w i t h i n  a 

21 c m  measurements  of t h e  co lumnar  hydrogen d e n s i t y  w e r e  u s e d  
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t o  c a l c u l a t e  t h e  models  of t h e  e x p e c t e d  s o f t  X-ray a b s o r p t i o n .  

Ths d a t a  McCammon e t  a1 (1971)  u s e d  for t h e  g a l a x y  and  t h e  o u t e r  

and  c e n t r a l  r e g i o n s  of t h e  SMC w e r e  t a k e n  f rom M c G e e  e t  a1 ( 1 9 6 6 > ,  

Hindrnan e t  a1 ( 1 9 6 3 ) ,  and  Hindman (1967) r e s p e c t i v e l y .  The 

e f f e c t i v e  X-ray a b s o r p t i o n  c r o s s - s e c t i o n s  u s e d  t o  c a l c u l a t e  

o p t i c a l  d e p t h  w e r e  o b t a i n e d  f r o m  Erown and  Gould (19701. 

The r e s u l t s  of t h e i r  e x p e r i m e n t  w e r e  d i v i d e d  i n t o  4 models .  I n  

t h e  f i r s t  mode a l l  t h e  f l u x  w a s  assumed t o  be e x t r a g a l a c t i c  and  is 

r e p r e s e n t e d  by t h e  solid l i n e  i n  F i g u r e  1 A :  A b s o r p t i o n  of X-ray 

flu:;. McZammon e t  a1 11971) d e t e r m i n e d  t h a t  a t  m o s t  25% of t h e  

flu:; c o u l d  have  t h i s  o r i g i n .  The d a s h e d  l i n e s  i n d i c a t e  a 

r e r i n e m e n t  t o  t h i s  model c o n s i s t i n g  of t h e  a s s u m p t i o n  t h a t  t h e  

n e u t r a l  hydrogen  is clumped i n t o  c l o u d s  w i t h  a n  a v e r a g e  t h i c k n e s s  

of 8 x 10-*''C:'H c m  ;' a n d  20 x 1 0  -""H c m  .-'. The d o t  dash l i n e  

i n d i c a t e s  a b s o r p t i o n  due t o  t h e  ear ths  a tmosphe re  (USSA. 1 9 6 6 ) .  

F i g u r e  1E shows t h e  a b s o r p t i o n  model i f  t h e  l o c a l  hydrogen  

d e n s i t i e s  are  assumed t o  be z e r o .  F i g u r e  1C r e p r e s e n t s  a model 

w h e r e  t h e  s o f t  X-ray f l u x  o r i g i n a t e s  o u t s i d e  of t h e  l o c a l  v e l o c i t y  

hydrogen  d i s t r i b u t i o n  b u t  closer t h a n  t h e  S M C .  T h e  assumed 

nydrogen  c l o u d  t h i c k n e s s  w a s  8 x lo-,":' c m  A ' ,  I t  c a n  be s e e n  t h a t  

t h e  data  does n o t  fit any of t h e s e  models .  

I f  t h e  power l a w  s p e c t r u m  t h a t  f i t s  t h e  d a t a  i n  t h e  i n t e r v a l  

f r o m  2 t o  10  keV is e x t r a p o l a t e d  t o  t h e  120 - 284 e v  r a n g e ,  o n l y  

one s i x t h  of t h e  o b s e r v e d  f l u x  c a n  be a c c o u n t e d  f o r ,  e v e n  i r  t h e r e  

is no a b s o r p t i o n .  A f o u r t h  model d e v i s e d  by McCammon e t  a1 (1971) 

t o  e x p l a i n  t h i s  is b a s e d  on t h e  a s s u m p t i o n  t h a t  t h e  o t n e r  f i v e  
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Figure 1: Absorption of X-ray flux. 
(McCammon et al. 1971) 



s i x t h s  of t h e  o b s e r v e d  f l u x  a r e  f rom a v e r y  l o c a l  i s o t r o p i c  0 . 3  

keV component which is a b s o r b e d  by o n l y  t h e  e a r t h s  a t m o s p h e r e .  

T h i s  model is shown i n  F i g u r e  1D. 

b u t  o t h e r  o b s e r v a t i o n s  p e r t a i n i n g  t o  t h e  added l o c a l  component 

(Bunner  e t  a l .  

r e p r e s e n t a t i o n  of  t h e  l o c a l  d i f f u s e  d i s t r i b u t i o n .  I t  w a s  o b s e r v e d  

t h a t  t h e  f l u x  be tween 0 .  1 and  0 . 3  keV i n  t h e  g a l a c t i c  p l a n e  is 

l e s s  t h a n  30% of t h e  f l u x  a t  h i g h  a l t i t u d e s .  

t h e  added component is n o t  a s  l o c a l  a s  assumed i n  model 4 ,  

t h h t  i t  must o r i g i n a t e  f r o m  a s u f f i c i e n t l y  d i s t a n t  p o i n t  s u c h  t h a t  

i t  :Is g r e a t l y  a b s o r b e d  by t h e  gas i n  t h e  g a l a c t i c  p l a n e .  

T h e  data  f i t  t h e  model w e l l ,  

1971)  s u g g e s t  t h a t  t h i s  model is n o t  a n  a c c u r a t e  

T h i s  i m p l i e s  t h a t  

b u t  

Because no a b s o r p t i o n  w a s  o b s e r v e d ,  McCammon e t  a1 (19713 

r e a s o n e d  t h a t  t h e  120 - 284 e V  d i f f u s e  background f l u x  w a s  of 

l o c a l  o r i g i n .  

I n  1973 McCammon e t  a1 ( 1 9 7 6 > ,  b e c a u s e  of t h e  u n c e r t a i n t y  and  

low r e s o l u t i o n  of t h e i r  n e u t r a l  hydrogen  maps. 

d e t a i l e d  s u r v e y  of t h e  n e u t r a l  hydrogen  n e a r  t h e  SMC. 

made a more 

The new s u r v e y  c o n s i s t e d  of d r i f t  scars  w i t h  a 0 ' . * . 8  r e s o l u t i o n  

The at declination intervals of l"15' 

64 7 km/s  c h a n n e l s  r a n g e d  f rom -140 km/s t o  300 km/s, 

a1 lowing  s i m u l t a n e o u s  c o v e r a g e  of t h e  ga l ac t i c  component n e a r  z e r o  

r a d i a l  v e l o c i t y  a n d  t h e  SMC gas  a t  200  km/s. 

w e r e  25 km/s FWHM, t h e  estimated minimum d e t e c t a b l e  column d e n s i t y  

w a s  8 x 10'" H cm ' a n d  t h e  minimum d e t e c t a b l e  area unde r  t h e  h i g h  

17e loc i ty  p r o f i l e s  w a s  a b o u t  3 x 1 0 " ' " H  c m . 2 ,  

o p t i c a l  d e p t h s  f o r  0 . 2 5  keV X-rays.  

by t h e  P a r k s  1 8 m  t e l e s c o p e .  

t h u s  

The gas  p r o f i l e s  

w h i c h  is a b o u t  0 .  12 

With t h i s  new s u r v e y ,  

3 



MkZammon e t  a1 (1976) f e l t  t h e i r  measurements  w e r e  a c c u r a t e  t o  

w i t h i n  20% of t h e  a b s o l u t e  column d e n s i t i e s  a n d  t h a t  t h e r e  w a s  no 

e v i d e n c e  f o r  c lumping  of i n t e r s t e l l a r  gas t h a t  would a f f e c t  X-ray 

a b s o r p t i o n .  

A l l  models  w h i c h  c o n s i s t e d  of t h e  a s s u m p t i o n s  t h a t  a l l  t h e  

0 . 2 5  keV f l u x  is of e x t r a g a l a c t i c  o r i g i n  a n d  is i s o t r o p i c  i n  

n a t u r e  d i d  n o t  f i t  t h e  da t a ,  s o  a two component model w a s  assumed 

@ne component w a s  e x t p a g a l a c t i c  a n d  t h e  o t h e r  component w a s  l o c a l  

and  a b s o r b e d  by o n l y  t h e  e a r t h s  a t m o s p h e r e .  

The f i n a l  c o n c l u s i o n s  t h a t  McCammon e t  a1  (11976) a r r i v e d  a t  

w e r e  t h a t  t h e  21 cm o b s e r v a t i o n s  n e a r  t h e  SMC showed no e v i d e n c e  

of small sca l e  s t r u c t u r e  t h a t  would a f f e c t  t h e  s o f t  X - r a y  

a b s o r p t i o n .  

sr keV) - '  f o r  t h e  0 . 2 5  keV f l u x  i n c i d e n t  on t h e  g a l a x y  i f  t h e  

i n t e r s t e l l a r  gas a b s o r b s  n o r m a l l y  and  t h e  l o c a l  component is 

i s o t r o p i c a l l y  d i s t r i b u t e d .  They a l s o  c o n s i d e r e d  a s s u m p t i o n s  

v a r i e d  t o  a n  e x t r e m e  case where t h e  l o c a l  f l u x  is d i s t r i b u t e d  t o  

a l l o w  t h e  g rea t e s t  p o s s i b l e  e x t r a g a l a c t i c  f l u x .  

a t  a n  u p p e r  l i m i t  of 900  p h o t o n s  Ccm-' s sr k e V > - - - ' .  

of t h e s e  a s s u m p t i o n s  t h e  l o c a l  f l u x  h a s  t o  be g rea t e r  t h a n  160 

p h o t o n s  a t  0 . 2 5  keV. 

t h e  g a l a c t i c  p l a n e  and  is n o t  e x p l a i n e d  by t h e i r  s i m p l e  two 

component model w h e r e  l o c a l  X-ray e m i s s i o n  is p r o p o r t i o n a l  t o  

i n t e r s t e l l a r  hydrogen  d e n s i t y  and  t h u s ,  

a b t a i n e d  f o r  a n  e x t r a g a l a c t i c  component of t h e  0 . 2 5  keV f l u x .  

They a r r i v e d  a t  a n  u p p e r  l i m i t  of 3 0 0  p h o t o n s  ( c m .  s 

They t h e n  a r r i v e d  

Under  either 

T h i s  is greater  t h a n  t h e  f l u x  o b s e r v e d  n e a r  

no s u f f i c i e n t  e v i d e n c e  w a s  

A t  1 keV t h e  d i f f u s e  background is no l o n g e r  i s o t r o p i c  a n d  i ts  
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% o b s e r v e d  i n t e n s i t y  is 1 . 5  t i m e s  g rea te r  t h a n  t h a t  e x p e c t e d  i n  

r e g i o n s  of l o w  ga l ac t i c  H I  column d e n s i t y  when t h e  11 E power 

l a w  is e x t r a p o l a t e d  i n t o  t h a t  e n e r g y  r a n g e  (Bunner  e t  a l .  197'9. 

To g a i n  a b e t t e r  u n d e r s t a n d i n g  of t h e  c o n t r i b u t i o n s  of t h e  

g a l a c t i c  and  e x t r a g a l a c t i c  components  of t h e  d i f f u s e  background 

below 2 keV, Bunner e t  a1 (1979)  u s e d  t h e  s o f t  X-ray i n s t r u m e n t  on 

090-8 t o  o b s e r v e  t h e  d i f f u s e  background a l s o  i n  t h e  v i c i n i t y  of 

t h e  SMC. The e x p e r i m e n t  u s e d  forward a x i s  p r o p o r t i o n a l  c o u n t e r  

d e t e c t o r s  w i t h  hexagona l  honeycomb c o l l i m a t o r s  t h a t  w e r e  s e n s i t i v e  

from 0 . 1 5  t o  6 keV i n  n i n e  b r o a d  e n e r g y  bands  w i t h  a f i e l d  of view 

of :3'& (FWHM) a t  1 keV (Bunner .  1978) .  A l s o ,  o b s e r v a t i o n s  w e r e  

made when SMC X - 1  w a s  i n  e c l i p s e  t o  a v o i d  c o n t a m i n a t i o n  of d a t a .  

T h e  observed c o u n t  r a t e  i n  % h e  e n e r g y  r a n g e  . 8  t o  1 . 5  keV a t  

i n t e r v a l s  of 1'' a l o n g  t h e  s c a n  p a t h  is shown i n  F i g u r e  2 :  Observed  

c o u n t  r a t e .  The s o l i d  l i n e  shows t h e  p r e d i c t e d  c o u n t  r a t e  f o r  a 

two component model .  T h i s  model u s e d  the 2 1  c m  n e u t r a l  hydrogen  

d e n z i t y  maps of t h e  SMC from McCammon e t  a1 (1976! a n d  t h e  X - r a y  

a b s o r p t i o n  c r o s s - s e c t i o n  of Brown a n d  Gould (1970). A decrease af 

O.Oe.3  c o u n t s / s e c  was expected, b u t  a change of + 0 . 0 0 4  +/-  0.014 

w a s  obse rved .  

Eunner  e t  a1 (1979)  c a m e  up w i t h  t h r e e  p o s s i b l e  e x p l a n a t i o n s  

of why a b s o r p t i o n  w a s  n o t  o b s e r v e d .  T h e  f i r s t  e x p l a n a t i o n  w a s  a 

p o s s i b l e  d e p l e t i o n  of m e t a l  a b u n d a n c e s ,  a n y t h i n g  h e a v i e r  t h a n  H o r  

H e .  T h i s  would r e q u i r e  a n  a b s o r p t i o n  d i p  of  0 , 0 4 7  c o u n t s / s e c  

which is grea te r  t h a n  t h e  o b s e r v e d  a b s o r p t i o n .  The s e c o n d  

e x p l a n a t i o n  w a s  p o s s i b l e  e m i s s i o n  by t h e  SMC of s o f t  X-rays 
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F i g u r e  2 :  Observed  c o u n t  r a t e  
cBunner e t  a l .  1979) 



exactly compensating for the expected absorption. They reasoned 

this could occur in two possible ways: by diffuse emission from 

the SMC interstellar medium; or by emission from unresolved point 

sources. The first possibility seemed unlikely because the mass 

of the SMC is such that it is too small to gravitationally bind a 

hot; interstellar medium of the required temperature of 2 x K 

to produce the necessary flux; also the 0.8 - 1.5 keV enerzy band 

is dominated by Iron and Nickel which is deDleted in the SMC and 

thus could not be high enough to successfully compensate for the 

l ack ing  absorption. The second possibility seemed also unlikely 

because the intensity required for SMC X - 1 ,  X - - 3 ,  and X-3 to fill 

in for the expected absorption in the 0.8 - 1.5 keV band would 

also require an excess emission in the 3 - 6 keV band, which is 

not seen. The third explanation was possible variations in the 

component fractions in the 0.8 to 1.5 keV energy range. These 

I 

I 

variations included: a 2075 upward flux in the 'cosmic E ' .'' 

intensity in the vicinity of the SMC in order to compensate tor 

the absorption; a 40% upward fluctuation in the galactic 1 keV 

componen t  in t h e  direction of the SMC, thus filling in the 

e:cpected absorption; and the extrapolatlon of the 11 E .L power 

law to 1 keV being inaccurate such that below 2 keV less than 35% 

of the observed 0.8 to 1.5 keV flux is actually of extragalactic 

or igin. 

The first two explanations were ruled out because the energy 

maps of Fried et a1 (1979, in the energy intervals from 0.1 to 2 

keV implied that the galactic diffuse background intensity is 
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I c o n s t a n t  o v e r  t h e  OSO-8 s c a n  p a t h  o r  shows a s l i g h t  d e f i c i t  i n  t h e  

d i r e c t i o n  of  t h e  SMC. T h e  t h i r d  e x p l a n a t i o n  c o u l d  n o t  be r u l e d  

o u t  by a n y  of  t h e  s o f t  X-rays s t u d i e s  done up  t o  t h a t  p o i n t .  

Seward a n d  M i t c h e l l  (1981) a t t e m p t e d  t o  make new X-ray maps ai 

t h e  SMC w i t h  t h e  hope ,  among o t h e r  t h i n g s ,  of u n c o v e r i n g  new sof r ,  

X-ray s o u r c e s  t h a t  c o u l d  p roduce  enough s o f t  X-rays t o  f i l l  i n  t h e  

e x p e c t e d  a b s o r p t i o n  d i p  i n  t h e  0 . 8  - 1 . 5  keV e n e r g y  r a n g e  oi 

Bunner e t  a1 (1979). T h i s  e x p e r i m e n t  w a s  d i f f e r e n t  t h a n  p r e v i o u s  

mapping a t t e m p t s  b e c a u s e  t h e  E i n s t e i n  o b s e r v a t o r y ,  w h i c h  w a s  

e q u i p p e d  w i t h  a n  Imaging P r o p o r t i o n a l  Coun te r  t I P C > ,  was b u i l d  

s p e c i f i c a l l y  f o r  measu r ing  s o f t  X-rays .  The s e n s i t i v i t y  w a s  

g r e a t e s t  a t  a n d  below 2 keV and  f e l l  o f f  d r a s t i c a l l y  above  3 keV 

d r o p p i n g  o f f  t o  zero above 5 keV. P r e v i o u s  mapping a t t e m p t s  used  

i n s t r u m e n t s  s e n s i t i v e  t o  s o u r c e s  be tween 2 and 10  keV. The 

s p a t i a l  r e s o l u t i o n  of t h e  I P C  w a s  1 ’ .  

The new s o f t  X-ray  s o u r c e s  t h a t  Seward a n d  M i t c h e l l  (1961) 

found  p r o v i d e  a f l u x  of 10  ‘ I  e r g s  c m  s ‘ ,  which is a b o u t  0 . 6  

c o u n t s l ’ s e c .  They s u g g e s t e d  t h a t  t h i s  is comparab le  t o  t h e  f l u x  

needed t o  f i l l  in for t h e  l a c k i n g  a b s o r p t i o n  i n  t h e  SMC i n  t h e  0 . a  

t o  1 . 5  keV e n e r g y  r a n g e .  

However, i t  is n o t  known how t h e s e  new s o u r c e s  c o r r e s p o n d  t o  

t h e  OS@-8 d a t a  of  Eunner e t  a l .  (1979) ,  t h a t  is, what c a n t r i b u t i o n  

t h e  0 . 6  c o u n t s / s e c  make t o  t h e  f l u x  t h a t  may f i l l  i n  f o r  t h e  

e x p e c t e d  a b s o r p t i o n .  

The bes t  way t o  ge t  t r u e  measure  of c o n t r i b u t i o n  t h a t  t h e  

e x t r a g a l a c t i c  X-rays make t o  t h e  1 keV e n e r g y  band is t o  measure  
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t h e  a b s o r p t i o n  of t h e  e x t r a g a l a c t i c  component by t h e  SMC, f o r  

r e a s o n s  p r e v i o u s l y  s t a t e d ,  w i t h  a n  i n s t r u m e n t  t h a t  h a s  t h e  a b i l i t y  

of e l i m i n a t i n g  p o i n t  s o u r c e s  f rom t h e  X-ray da t a .  A d d i t i o n a l l y ,  

any  e x t e n d e d  e m i s s i o n  must a l s o  be  e l i m i n a t e d  a s  t h i s  a l s o  a d d s  t o  

t h e  c o m p e n s a t i n g  X-rays which mask a b s o r p t i o n .  The I P C  f i e l d s  

created by t h e  E i n s t e i n  o b s e r v a t o r y  c a n  be u s e d  e f f e c t i v e l y  f o r  

t h i s  p u r p o s e .  The r e m a i n i n g  d i f f u s e  f l u x  c a n  t h e n  be compared t o  

t h e  n e u t r a l  hydrogen  i n  t h e  SMC t o  a s c e r t a i n  t h e  amount of 

a b s o r p t i o n  when compared t o  measurements  of t h e  d i f f u s e  f l u x  off 

t h e  S M C .  

1 1 .  INFORMATION ON D A T A  U S E D  

T h e  IPC d a t a  of t h e  SMC produced  by t h e  E i n s t e i n  o b s e r v a t o r y  

(Seward  and  M i c h e l l .  1981) t h a t  I u s e d  f a r  t h i s  a n a l y s i s  is 

a r c h i v a l  d a t a  o b t a i n e d  f r o m  N A S A ’ s  Gues t  I n v e s t i g a t o r  Program. I t  

c o n s i s t e d  of two main p a r t s ,  c o n t o u r  maps a n d  c o r r e s p o n d i n g  strip 

c h a r t s  for e a c h  of 65 f i e l d s  t h a t  t h e  SMC w a s  d i v i d e d  i n t o .  T h e  

c o n t o u r  maps w e r e  of t h e  X-ray s o u r c e s  de t ec t ed  a l o n g  t h e  l i n e  of 

s i g h t  of t h e  SMC. The l e v e l s  of c o n t o u r  depended  on t h e  i n t e n s i t y  

of the X-ray source. T h e  strip c h a r t s  c o n t a i n e d  many d i f f e r e n t  

d a t a  windows. T h e  o n l y  windows t h a t  w e r e  of i m p o r t a n c e  t o  my 

a n a l y s i s  w e r e  a s  f o l l o w s :  V G - F L A G ,  which is a r e p r e s e n t a t i o n  of 

t h e  v i e w i n g  geomet ry  of t h e  s a t e l l i t e  i n d i r e c t l y  i n d i c a t i n g  how 

c l e a n  t h e  data  is, w i t h  a s e t t i n g  of 1 b e i n g  t h e  c l e a n e s t ;  I M A G E ,  

which when ON means t h e  d e t e c t o r  w a s  l o c k e d  on t a rge t  and  t a k i n g  

d a t a . ;  PI-SOFT, which is t h e  c o u n t  ra te  i n  t h e  s o f t  X-ray band 

( e n e r g y  r a n g e  f r o m  . 12 t o  1 . 2  k e V ) ;  and PI-HARD, which is t h e  
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. c o u n t  r a t e  i n  t h e  h a r d  X-ray band ( e n e r g y  r a n g e  f r o m  1 . 2  t o  120 

k e V ) .  T h e  h a r d  a n d  s o f t  band s o u r c e  f r e e  c o u n t  r a t e s  and  t h e  

p o s i t i o n  c o o r d i n a t e s  f o r  each f i e l d  are  s t o r e d  i n  t h e  d a t a  r i l e  

XDE'TECT. Maps of  t h e  low and  h i g h  v e l o c i t y  n e u t r a l  hydrogen  i n  

t h e  SMC a re  s t o r e d  i n  t h e  data  f i l e s  NH1.PAT a n d  NH2.DAT 

r e s p e c t i v e l y .  

I 

1 1 1 .  INFORMATION ABOUT DETECTORS 

The E i n s t e i n  o b s e r v a t o r y  w a s  l a u n c h e d  i n  1978 and  among o t h e r  

t y p e s  of d e t e c t o r s  carr ied a n  Imaging P r o p o r t i o n a l  Coun te r  (IPC). 

T h i s  i n s t r u m e n t  is a p o s i t i o n  s e n s i t i v e  p r o p o r t i o n a l  c o u n t e r  w i t h  

modera t e  s p a t i a l  and  s p e c t r a l  r e s o l u t i o n .  T h e  c o u n t e r  body h o u s e s  

e l e c t r o d e s  i n  a d e n s i t y . r e g u l a t e d  gas  m i x t u r e  of Argon, Xenon, a n d  

(30:. The e l e c t r o d e s  c o n s i s t  of a p l a n e  of anode  w i r e s  s i t u a t e d  

be tween two p l a n e s  of c a t h o d e  w i r e s .  Through a v a l a n c h i n g ,  t h e  

c a t h o d e  r e c e i v e s  i n d u c e d  s i g n a l s  f r o m  t h e  a n o d e .  R i s e  t i m e  

measurements  of t h e  i n d u c e d  s i g n a l s  a l l o w  t h e  d e t e r m i n a t i o n  of the 

Y-Z l c o o r d i n a t e s  of e v e n t s  t o  a p r e c i s i o n  of lmm. T h i s  c o r r e s p o n c s  

t o  a p r e c i s i o n  of 1'  o v e r  t h e  c e n t r a l  60' x 6 0 '  of t h e  field of 

v i ew.  T h e  c e n t r o i d  of t h e  s i g n a l  f rom a p o i n t  s o u r c e  c a n  be 

d e t e r m i n e d  t o  1'. The g a i n  of a p p r o x i m a t e l y  lo'., which is 

r e q u i r e d  t o  o b t a i n  t h i s  r e s o l u t i o n ,  is o b t a i n e d  by h a v i n g  t h e  

anode a t  a p o t e n t i a l  of 3600 v o l t s  a n d  t h e  c a t h o d e  a t  900  v o l t s .  

P r o c e s s i n g  of anode  s i g n a l s ,  t h a t  is, e v e n t  t i m i n g  and  p u l s e  

h e i g h t  a n a l y s i s ,  p r o v i d e s  63 m i c r o s e c o n d s  t i m e  r e s o l u t i o n  and  32 

c h a n n e l s  of e n e r g y  r e s o l u t i o n  o v e r  t h e  0 . 1  - 4 . 5  keV e n e r g y  r ange .  
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There  is a l s o  a background c o u n t e r  l o c a t e d  i n  t h e  s a m e  c o u n t e r  

body below t h e  IPC e l e c t r o d e s  c o v e r i n g  t h e  s a m e  a rea .  I t s  s i g n a l s  

a re  i n  a n t i c o i n c i d e n c e ,  t h u s  p r o v i d i n g  background r e j e c t i o n  f o r  

t h e  IPC CGiaconni e t  a l .  1979) .  The re  is a c o m p l i c a t i o n  c a u s e d  by 

t h e  r i b s  s u p p o r t i n g  t h e  d e t e c t o r  window. T h e r e  are  f o u r  r i b s  s e t  

up i n  a t i c - t a c - t o e  p a t t e r n  e a c h  3' wide. The c e n t r a l  s q u a r e  is 

38' on a s i d e .  T h e s e  r i b s  u n f o r t u n a t e l y  shadow p a r t  of t h e  

d e t : e c t o r ,  s u c h  t h a t  a weak s o u r c e  u n d e r  a r i b  would n o t  be 

detected.  A s t r o n g  s o u r c e  o r  a m o d e r a t e l y  s t r o n g  s u p e r n o v a  

remnant  u n d e r  a r i b ,  however,  would n o t  be c o m p l e t e l y  shadowed.  

It w a s  e s t imated  t h a t  due t o  r e d u c e d  s e n s i t i v i t y  a t  t h e  e d g e s  of 

f i e l d s  and  t h e  shadowing of t h e  d e t e c t o r ,  t h a t  a p p r o x i m a t e l y  93% 

of t h e  i n t e n d e d  area w a s  a c t u a l l y  o b s e r v e d  ( S e w a r d  and  M i t c h e l l .  

1981). 

I V .  INFORMATION ON DATA PROCESSING 

A s  men t ioned  e a r l i e r ,  t h e  I P C  f i e l d s  f rom t h e  E i n s t e i n  

o b s e r v a t o r y  are s u c h  t h a t  X-ray p o i n t  s o u r c e s  can be e a s i l y  

identified and rernoved. This was done  by  s t a n d a r d  R E V  1 da ta  

r e p r o c e s s i n g .  T h i s  r e p r o c e s s i n g  i n c l u d e d  a s e a r c h  for a l l  s o u r c e s  

w i t h i n  t h e  f i e l d  of v iew,  s p e c t r a l  f i t s  of s t r o n g  p o i n t - l i k e  

s o u r c e s  i n  t h e  c e n t r a l  f o u r  arc  m i n u t e s  of t h e  t h e  d e t e c t o r ,  a n d  a 

s o u r c e  l o c a t i c n  a c c u r a c y  w i t h i n  t h e  r i b s  of 2 0  arc s e c o n d s  ( N A S A .  

1983). T h e  s o u r c e - f r e e  diffuse background  r a t e s  f o r  b o t h  the h a r d  

a n d  s o f t  b a n d s  and  t h e r e  p o s i t i o n s  i n  t h e  v i c i n i t y  of t h e  SMC a re  

s t o r e d  i n  t h e  da ta  f i l e  XDETECT. 
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V .  ANALYSIS TECHNIQUE USED AND OUTLINE OF PROCEDURE FOLLOWED 

A s  mentioned above, the point sources were removed by the 

standard Rev 1 data processing. The work left to be done was the 

analysis of the IPC data in order to find any extended emission 

regions and eliminate them. 

extended emission regions from a particular field, 

field containing that emission must be eliminated. 

in the analysis is to produce a plot of the X-ray intensity vs. 

column density. From this plot, h o w  the X-ray intensity changes 

as a function of increasing neutral hydrogen column density can be 

determined. 

decrease in intensity with increasing column density. 

for this can be seen in equation 1: 

There is no way to remove the 

so the entire 

The next step 

NE 

The expected outcome of this plot is an exponential 

The reason 

I = I , .  x E X P ' < - @ H t , ?  E q .  1. 

where I,. is the incident unabsorbed X-ray intensity, I is the 

X-ray  intensity after absorption, 

cross-section coefficient, 

density. A s  the neutral hydrogen column density increases, X-ray 

intensity exponentially decreases. A p l o t  of this type indicates 

absorption. 

fraction of diffuse background is extragalactic. 

using a nonlinear regression program and equation 2: 

@ is the absorption 

and HI-, is the neutral hydrogen column 

The final step in the analysis is to ascertain what 

This is done by 

1, = Ii + I,.-EXF(-@Ni,J Eq. 2. 

where It- ,  is the intensity of the total diffuse background, 

the intensity of the local component, and I, 

I L  is 

is the intenslty of 
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. programs  are  l o c a t e d  on t h e  P .  S. U .  Astronomy d e p a r t m e n t ’ s  compute r  

s y s t e m .  

V I I .  RESULTS 

I n  a n  a t t e m p t  t o  l o c a t e  any  p o s s i b l e  e x t e n d e d  e m i s s i o n  r e g i o n s  

i n  t h e  SMC, I examined  each of t h e  c o n t o u r  maps t h a t  w e r e  made, 

p a y i n g  a t t e n t i o n  t o  t h e  l e v e l s  of c o n t o u r  e a c h  mapped image h a d .  

Any images w i t h  one l e v e l  of c o n t o u r  w e r e  s i m p l y  n o i s e  and  

i g n o r e d .  Any image w i t h  p rominen t  s o u r c e s  h a v i n g  two l e v e l s  of 

c o n t o u r  t h a t  w e r e  n o t  a l r e a d y  e l i m i n a t e d  by t h e  s t a n d a r d  Rev 1 

d a t a  p r o c e s s i n g ,  I marked a5 q u e s t i o n a b l e  and  e l i m i n a t e d  from t h e  

XDETECT d a t a  f i l e ,  s i nce  t h e y  c o u l d  be c a u s e d  e i t h e r  by e x t e n d e d  

e m i s s i o n  o r  by f l u c t u a t i o n s  i n  t h e  background n o i s e .  These f i e l d s  

i n c l u d e d :  1591, 1593, 1597, 1603, 1609, 1619, 1624, 11091, 13925, 

13926, and  15247. Any image w i t h  t h r e e  o r  more l e v e l s  of c o n t o u r  

w e r e  i n  a l l  cases p o i n t  s o u r c e s .  These  p o i n t  s o u r c e s  w e r e  a l ready  

a c c o u n t e d  f o r  and  e l i m i n a t e d  by t h e  s t a n d a r d  Rev 1 d a t a  

p r o c e s s i n g  . 

In order t o  see i f  t h e r e  w e r e  a n y  f l u c t u a t i o n s  i n  t h e  

background ra te  o v e r  t i m e ,  w h i c h  is a n  i n d i c a t i o n  of  some t y p e  of  

e m i s s i o n ,  e i t h e r  s o u r c e  f l u c t u a t i o n s  o r  f l u c t u a t i o n s  i n  t h e  

background  which c o u l d  be i n t e r p r e t e d  a s  e x t e n d e d  e m i s s i o n ,  I 

examined  t h e  s t r i p  c h a r t s  f o r  e a c h  f i e l d .  O f  a l l  t h e  data 

c o n t a i n e d  on t h e  s t r i p  c h a r t s ,  t h e  o n l y  da ta  t h a t  I u s e d  w a s  t h a t  

which had VG-FLAG s e t  on 1, a s  t h i s  w a s  t h e  c l e a n e s t  da t a .  

For each s t r i p  c h a r t ,  I examined t h e  p l o t s  p a y i n g  s p e c i f i c  
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attention to the soft X-ray emission since these are the X-rays 

which are absorbed by neutral hydrogen. The criteria I used to 

decide if a particular area was exhibiting significant 

fluctuations was as follows: the s o f t  band count rate displayed 

significant spikes above the background, consistently increased 

above the background, or was consistently greater than the 

background rate by any noticeable amount. I also examined the 

hard band count rate making Sure there were no drastic 

fluctuations above the background. There were many cases where 

there were 3 or 4 prominent single spikes in the hard X-ray band 

readout, but I attributed this to minor fluctuations in background 

noise. The only field that exhibited any fluctuation in the soft 

band was field 15247. This field is shown in Figure 3: Field 

I5247 in the row marked PI-SOFT. An example of a field I f e l t  

did not exhibit any fluctuations is shown in Figure 4: Field 

15430, also in the row labeled PI-SOFT. The data windows between 

the vertical lines in both these figures indicate the data which 

was useful, VG-F1AG equal to 1 and IMAGE ON. It can be seen in 

Figure 4 :  Field 15430 that over time the background rate r e m a i n s  

constant indicating that there are no detectable sources or 

extended emission present, while in Figure 3 :  Field I5247 it is 

obvious that in the PI-SOFT window the background rate is 

fluctuating over time, indicating some type of emission. 

After determining that field I5247 showed signs of some type 

of emission, I eliminated its corresponding hard and soft band 

count rates and position coordinates from the XDETECT data file. 
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I n e x t  p roduced  a p l o t  of X-ray i n t e n s i t y  v s .  NH column 

d e n s i t y  by first r u n n i n g  t h e  program AVGMAP which used  t h e  n e u t r a l  

hydrogen  column d e n s i t y  data f i l e s  NH1.MAP a n d  NH2.MAP a n d  t h e  

X-ray d a t a  f i l e  XDETECT t o  p roduce  t h e  data f i l e s  n e c e s s a r y  for 

making t h e  p l o t .  I t h e n  r a n  t h e  p l o t t i n g  program GRAFXY u s i n g  t h e  

d a t a  f i l e s  f rom AVGMAP t o  p roduce  t h e  a c t u a l  p l o t .  The e x p e c t e d  

outcome of t h e  p l o t  w a s  a n  e x p o n e n t i a l  d r o p  I n  X-ray i n t e n s i t y  a s  

a f u n c t i o n  of i n c r e a s i n g  NH column d e n s i t y .  I n s t e a d  t h e  p l o t  w a s  

a v e r y  w i d e ,  s e e m i n g l y  random s p r e a d  of p o i n t s  (see F i g u r e  5:  

Sca t te r  p l o t  1). 

S i n c e  I d i d  n o t  o b t a i n  t h e  e x p e c t e d  r e s u l t ,  I examined t h e  

program AVGMAP t o  a s c e r t a i n  why t h e  p l o t  w a s  a random s p r e a d  of 

p o i n t s .  I f ound  t h a t  t h e  program w a s  p r o c e s s i n g  t h e  n e u t r a l  

hydrogen  maps, s t o r e d  i n  "1. MAP a n d  "2. MAP, i n c o r r e c t l y .  

S p e c i f i c a l l y ,  AVGMAP w a s  c o n v e r t i n g  t h e  s k y  c o o r d i n a t e s  of t h e  

n e u t r a l  hydrogen  maps t o  p i x e l  c o o r d i n a t e s  i n c o r r e c t l y ;  t h u s  

p r o d u c i n g  i n a c c u r a t e  da ta  f i l e s  which w e r e  u sed  by GRAFXY. 

A d d i t i o n a l l y ,  I f ound  t h a t  t h e  n e u t r a l  hydrogen  map s t o r e d  i n  t h e  

NH2.MAP data  f i l e  w a s  n o t  c e n t e r e d  c o r r e c t l y  a s  compared t o  t h e  

n e u t r a l  hydrogen  map stored i n  NH1.MAP and  t h a t  t h e  da ta  i n  t h i s  

f i l e  d i d  n o t  e x a c t l y  c o r r e s p o n d  t o  t h e  d a t a  i n  t h e  t a b l e  f r o m  

which i t  w a s  o b t a i n e d ,  namely TABLE 2 :  NEUTRAL HYDROGEN COLUMN 

D E N S I T Y  of McCammon e t  a1 (1976). 

I a l t e r e d  AVGMAP s o  t h a t  it would p r o c e s s  t h e  n e u t r a l  hydrogen  

maps c o r r e c t l y .  A p r i n t o u t  of t h i s  program,  AVGMAP4, is i n  

-4PPENDIX A :  PROGRAM A V G M A P 4 .  I a l s o  w r o t e  AVGFIX t o  c o r r e c t  t h e  
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discrepances between NH2.MAP and TABLE 2: 

DENSITY of McCammon et a1 (1976) .  

APPENDIX B: PROGRAM AVGFIX. 

NEUTRAL HYDROGEN COLUMN 

A printout of AVGFIX is in 

I once again attempted to generate a plot of X-ray intensity 

NH column density using GRAFXY and the new data files created vs. 

by AVGMAP4 and the corrected version NH2.MAP. This plot again was 

not the expected exponential drop in X-ray intensity as a function 

of increasing NH column density, but a more closely packed spread 

of points (see Figure 6: Scatter plot 2 ) .  

In order to ascertain if the data points had any correlation, 

I ran the programs LINSTAT and PCORR. 

correlation coefficient R of 0 to 1, 

linear correlation with a value of 1 indicating complete 

correlation. 

points. 

and calculates the probability of the data points being 

anticorrelated. 

data points was 52.8%. 

LISTAT produces a linear 

indicating the degree of 

The value of R that I obtained was , 0 9 8  for 44 data 

PCORR takes the number of data points and the value of R 

The probability of anticorrelation for the 44 

VI I I .  CONCLUSIONS 

The purpose here was to find the contribution the 

extragalactic component of the diffuse background makes to the 1 

keV energy band. 

The X-ray intensity vs. 

not the expected exponential decrease In X-ray intensity as a 

function of increasing NH column density. 

However, I was not able to accomplish this goal. 

NH column density plot that I obtained was 

The plot I did obtain 

16 
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&de little sense and the output of LINSTAT and PCORR indicated 

that the data points were not closely correlated. Since the plot 

I obtained showed no evidence of X-ray absorption, or anything 

else for that matter,  running a nonlinear regression program on 

the data would have been meaningless. From these results, I can 

only conclude that something is contaminating the X-ray data, such 

as some other ionizing radiation which was indistinguishable to 

the Imaging Proportional Counter; thus not allowing a true measure  

of X-ray intensity in the vicinity of the SMC. 

To be able to use the procedure discussed In this paper to 

eliminate any extended emission that is masking the absorption in 

the S M C ,  a detector must be fabricated that can differentiate 

between different t y p e s  of radiation so that an accurate measure 

of -the X-ray intensity can be obtained. 

17 



AFPEND I X A : P R O G R A M  A V G K A P 4  

The following is a printout of the program A V G M - 4 P 4 ,  which was 

u s e d  to reprocess neutral hydrogen maps and X-ray maps and produce 

data files. The reprocessing of the maps consisted af correcting 

mistakes in the conversion of sky coordinates to pixel coordinates 

so that the data files produced would be accurate. T h e  data files 

produced were used by the plotting program GRAFXY to generate 

plots of X-ray Intensity vs. NH column density. 

18 



C*************************************************************************** 

C 
C Name: AVGMAP4 
C Filename: /usr/shue/prog/avgmap.for 
C Type: program 
C 
C Language: FORTRAN 77 
C Purpose: 
C 
C 
C 
C AVG1.MAP - uses 500 - 600 range files/ celestial coords. 
C AVG2.MAP - uses all files/ celestial coords. 
C 
C Subroutines used: 
C 
C 
C Date: 1/28/87 
C Author: David Shue 
C Modified: 
C 
C Comments: altered version of AVGMAP to read in local files 
C 

to read XDETECT.DAT file and NH2.MAP, NH1.MAP find corresponding 
pixels between the maps, average the values of the NH maps and 
create a plot of xray vs nh intensity 

(see the comment cards for xmap.for and cmaps.for) 

C~*.~***********************************************************************~~*~~ 

C 
PROGRAM AVGMAP 

PARAMETER 
DIMENSION 

+ 
+ 

DIMENSION 
+ 
+ 

REAL 
INTEGER*4 

(NMAX-200, NAX-3, ID1-103, ID2=25) 
AIZRAY1(IDl,ID2), ARRAY2(1Dl,ID2), AVGNHl(NMAX), 
AVGXRl(NMAX), SIGX(NMAX), SIGY(NMAX), XX(4), W ( 4 ) ,  
AVGNH2 (NMAX) , AVGXR2 (m) 
CRVALl(NAX1, CDELTl(NAX), CRPIXl(NAX), CROTAl(NAX), 
CRVAL2(NAX), CDELT2(NAX), CRPIX2(NAX), CROTAZ(NAX), 
SMAP(IDIMl,IDIM2), SCALE(10) 
SEUTE, SERROR, HRATE, HERROR, RA, DEC 
NAXISS(NAX), BITPIX, NAXIS 

integer row, c o l  
CHARACTER TYYPE*l, FILEIN*80, TYPE(5)*1, COORDS*3, HISTRY(5)*8 
CHARACTER*8 CTYPEl(NAX), CTYPE2(NAX) 
CHARACTER BUNIT1*8, OBJECT1*18, DATE1*8, DATOBS1*8, ORIGIN1-218, 

+ INSTRU1*18, OBSERVl*l8, 



+ 
+ INSTRU2*18, OBSERV2*18 

BUNIT2*8, OBJECT2*18, DATE2*8, DATOBS2*8, ORIGIN2*18, 

CHARACTER*80 TITLE, XTITLE, YTITLE, FILENM, HEADER 
C W C T E R * l  ANSWER 

C data statements to save space 

DATA TYPE(I)/’L’/, TYPE(2)/‘0’/, TYPE(4)/‘F’/, TYPE(5)/’2’/ 
DATA NX, NY, NZ /103,25,1/ 
DATA SCALE(7)/1./, SCALE(8)/1./, SCALE(9)/-99./, SCALE(lO)/O./ 
DATA NAXISS/103,25,1/ 

c - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
DO 100 I-1,N” 

AVGNHl (I)==(). 0 
AVGXR1(I)-O.O 
AVGNH2(I)-O.O 
AVGXR2 ( I ) = o .  0 

100 CONTINUE 
DO 110 I-1,NDl 

DO 110 J=l,ND2 
ARRAYl(I,J)-O.O 
ARRAY2(1, J)==O. 0 

110 CONTINUE 
PRINT*,’DO YOU WANT ARRAYS PRINTED, Y/N?‘ 
READ ’(A)’ ,ANSWER 



+ 
+ 

101 
111 

ORIGIN1,INSTRU1,OBSERV1,CRVAL1,CRPIX1,CDELT1,CTYPE1, 
CROTAl,ARRAYl,NX,NY,NZ,*750) 

IF (ANSWER .eq. ‘y ‘ )  THEN 
open(unit-2l,file-’arrayl.out’,status-‘new’) 
DO 111 row -1,103 

write(21,101) (ARRAYl(row,col), c01-1,25) 
format (25f8.4) 

CONTI W E  
close (21) 

continue 
elseif (ANSWER .eq. ‘n’) then 

END IF 

write (*,*) ‘calling getfts ‘,FILEIN 
CALL GETFTS (FILEIN,BITPIX,NIUIIS,NAXISS,BSCALE,BZERO,BUNIT2, 

+ BLANK,DATAMX,DATAMN,EPOCH,OBJECT2,DATE2,DATOBS2, 
+ ORIGIN2,INSTRU2,OBSERVL,CRVAL2,CRPIX2,CDELT2,CTYPE2, 
+ CROTA2,ARRAY2,NX,NY,NZ,*750) 

IF (ANSWER .eq. ‘ y ’ )  THEN 
open(unit-22,file-’array2.out’,status-’new‘) 
DO 112 row -1,103 

112 
write(22,101)(ARRAY2(row,co1), col-1,25) 

CONTINUE 
close (22)  

c on t i nue 
elseif (ANSWER .eq. ‘n’) then 

ENDIF 

NNN-1 
KK- 1 
CALL SLCTLU (131,LO) 
OPEN (UNIT-LO,FILE=’xdetect.dat2‘, 

+ STATUS-‘OLD’) 
C 

120 CONTINUE 
READ (LO,*,END-130) IFILE, SRATE, SERROR, HRATE, HERROR, RA, DEC 
IF (IFILE .GT. 650) GOT0 120 



C determine pixel for rate 
c .- - - - - - - - - - - - - - - - - - - - - - - - _ _  - - - - - - _ _  

XCDl=O. 0 
YCD1-0.0 
XCD2=O. 0 
YCD2-0.0 
IX-0 . 0 
IY-0 . 0 
Mxl-0.0 
MY1-0.0 
Mx2-0.0 
MY2-0.0 
CALL COPIX (CRVALl,CRPIX1,CDELT1,RA,DEC,Mx1,~1,*730) 
CALL COPIX (CRVAL2,CRPIX2,CDELTZ,RA,DEC,Mx2,MY2,*730) 
print*,'ra,dec.mxl,myl,arrayl',ra,dec,mxl,myl,arrayl(mxl,myl) 
print* 
print*,'ra,dec,mx2,my2,arrayZ',ra,dec,mx2,my2,array2(mx2,my2) 
print* 
AVGNHl(KK) = ARRAYl(MXl,MYl)+ARRAY2(MX2,MY2) 
AVGXRl(KK) = SRATE 
KK-KK+l 
GOTO 120 

130 CONTINUE 
REWIND (LO) 
KK1-KK 

. . . . . . . . . . . . . . . . . . . . .  C- 
C do for second s e t  of maps 
c - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - -  

N"-W 
KK-1 
DO 210 I-1,N" 

AVGNHZ(I)-O.O 
AVGXRZ(I)=O.O 

210 CONTINUE 

NNN-2 
220 CONTINUE 

READ (LO,*,END-230) IFILE, SRATE, SERROR, HRATE, HERROR, RA,  DEC 
IF (IFILE .EQ. 1091)  GOTO 220 

C determine pixel for rate 



XCD1-0.0 
YCD1-0.0 
XCD2-0.0 
YCD2-0.0 
IX-0 . 0 
IY-o . 0 
Mxl-0.0 
MY1-0.0 
Mx2-0.0 
MY2-0.0 
CALL COPIX ( C R V A L ~ , C R P I X ~ , C D E L T ~ , R A , D E C , ~ ~ , ~ ~ , * ~ ~ O )  
CALL COPIX (CRVALZ,CRPIX~,CDELT~,RA,DEC,MX~,~~~,*~~O) 
AVGNH2(KK) = ARRAy1(Mx1,My1)+ARRAY2(Mx2,My2) 
AVGXR2(KK) - SRATE 
KK-KK+l 
GOT0 220 

230 CONTINUE 
KK2-KK 
CLOSE (LO) 

C---. - 
C - p  

C PLOTTING DATA 
c - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

NSYMB - 0 
JDASH = 0 
NSKIP = 2 
XTITLE-'Neutral Hydrogen Data' 
YTITLE-'Xray Intensities' 
TITLE= 'Average NH vs. Xray Data 

C WRITE (TITLE, 8100) FILEIN 
C 8100 FORMAT (A10,' vs. XRAY Data') 

DO 500 I=1,4 
xx( I)==O. 
W(1)-0. 

500 CONTINUE 
xx(1) = 0.0  
XX(2) - 15.0 
W(1) = 0.5  
W(2) - 1.0 
DO 600 J-1,N" 

SIGX(J)-O. 



SIGY(J)-0. 
600 CONTINUE 

c - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
FILENM = ‘avgl.map2’ 

c - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
WRITE (*,*)’ Data being placed into data file ’,FILENM 
CALL SLCTLU (2115,LUN) 
OPEN (UNIT-LUN, FILE=FILENM, STATUS-’NEW‘) 
CALL WRDAT (LUN,TITLE,XTITLE,YTITLE,XX,W,KK1,NSM.ZB,JDASH, 

+ N S K I P , A V G N H l , S I G X , A V G X R 1 , S I G Y )  
C 

CLOSE (LUN) 
c - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

FILENM - ’avg2.map2’ 
c - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

WRITE (*,*I’ Data being placed into data file ’,FILENM 
CALL SLCTLU (2112, LTTNO) 
OPEN (UNIT-LUNO, FILE-FILENM, STATUS-’NEW’) 
CALL WRDAT (LUNO,TITLE,XTITLE,YTITLE,XX,YY,KK2,NSYMB,JDASH, 

+ NSKIP,AVGNH2,SIGX,AVGXR2,SIGY) 
C 

CLOSE (LUN) 
c - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
C end program and print execution messages 

STOP ’Normal program completion’ 
700 WRITE (*,*) ’ Error doing conversion in SKYPIX in sector ’,N” 

STOP ‘Error in program completion’ 
71.0 WRITE (*,*I ‘ Error doing map placement in PUTMAP in sector ‘ ,N” 

STOP ’Error in program completion’ 
720 STOP ‘Error converting pixel in PIXCO ’ 
730 STOP ’Error in COPIX’ 
750 STOP ‘Error reading file in GETFTS’ 

END 



APPENDIX B: PROGRAM AVGFIX 

The following is a p r i n t o u t  of t h e  program u s e d  t o  c o r r e c t  

m i s t a k e s  i n  t h e  n e u t r a l  hydrogen  column d e n s i t y  maps of t h e  SMC 

s t o r e d  in t h e  da ta  file NK2.MAP. The p rob lem was t h a t  t h e  data i n  

the f i l e  N H 2 . M A P  d i d  n o t  e x a c t l y  c o r r e s p o n d  t o  t h e  da ta  i n  TAELE 

2 :  NEUTRAL HYDROGEN COLUMN DENSITY of McCammon e t  a1 (1976) .  



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C 
C Name: AVGFIX 
C Filename: 
C Type: program 
C 
C Language: FORTRAN 77 
c Purpose: to f i x  the NH2.MAP data file 
C 
C Subroutines used: 
C 
C 
C Date: 
C Author: 
C Modified: 
C 
C Comments: 
C 

(see the comment cards for xmap.for and cmaps.for) 

C~**********************************************%***~****~******%*****%*%%~~~~ 

C 
PROGRAM AVGMAP 

c - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - _ _  
C variable declarations 
c - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - -  

PARAMETER 
DIMENSION 

+ 
+ 

DIMENS I ON 
+ 
+ 

REAL 
INTEGER*4 

(NMAX-200, NAX-3, ID1-103, ID2-25) 
ARRAYl(IDl,ID2), ARRAY2(IDl,ID2), AVGNHl(NMAX), 
AVGXRl(NMILX), SIGX(NMAX), SIGY(NMAX), X X ( 4 ) ,  W ( 4 ) ,  
AVGN"2 (NMAX) , AVGXR2 ( N M A X )  
CRVALl(NAX), CDELTl(NAX), CRPIXl(NAX), CROTAl(NAX), 
CRVAL2(NAX), CDELT2(NAX), CRPIX2(NAX), CROTA2(NAX), 
SMAP(IDIMl,IDIM2), SCALE(10) 
SRATE, SERROR, HRATE, HERROR, RA, DEC 
NAXISS(NAX), BITPIX, NAXIS 

integer row, col 
CHARACTER TYYPE*l, FILEIN*80, "E(5)*1, COORDS*3, HISTRY(5)*8 
CHARACTER*8 CTYPEl(NAX), CTYPE2(NAX) 
CHARACTER BUNIT1*8, OBJECT1*18, DATE1*8, DATOBS1*8, ORIGIN1*18, 

BUNIT2*8, OBJECT2*18, DATE2*8, DATOBS2*8, ORIGIN2*18, 
+ INSTRU1*18, OBSERV1*18, 
4- 

-e INSTRU2*18, OBSERV2*18 
CHARACTER*80 TITLE, XTITLE, YTITLE, FILENM, HEADER 
character*80 FILOUT 
CHARACTER*l ANSWER 



C Define some var iables  

110 CONTINUE 

C ge t  da ta  from NH1 

FILEIN-'NHl.M.AP' 
w r i t e  (*,*) ' c a l l i ng  g e t f t s  ' ,FILEIN 
CALL GETETS (FILEIN,BITPIX,NAXIS,N~ISS,BSCALE,BZERO,BUNITl, 

+ BLANK,DATAMX,DATAMN,EPOCH,OBJECT~,DATE~,DATOBS~, 
+ ORIGIN1,INSTRU1,OBSERVl,CRVALl,CRPIXl,CDELTl,C~PEl, 
+ CROTAl,ARRAYl,NX,NY,NZ,*750) 



FILOUT='NH2.0UTf 
write (*,*) 'calling getfts ',FILEIN 
CALL GETFTS (FILEIN,BITPIX,NAXIS,NAXISS,BSCALE,BZERO,B~IT2, 

+ BLANK,DATAMX,DATAMN,EPOCH,OBJECT2,DATE2,DATOBS2, 
+ ORIGIN2,INSTRU2,0BSERV2,CRVAL2,CRPIX2,CDELT2,C~PE2, 
+ CROTA2,ARRAY2,NX,NY,NZ,*750) 

IBGN - 1 
JBGN - 1 

2857 write(*,*)'enter IX, IY, array2(IX, IY)' 
READ(*,*,END=290O)IX,IY, ARRAYZ(IX,IY) 
GOT0 2857 

2900 call PUTFTS (FILOUT,BITPIX,NAXIS,N~ISS,BSCALE,BZERO,B~IT2, 
+ BLANK,DATAMX,DATAM.N, 
+ OBJECT2,DATE2,DATOBS2,EPOCH,INSTRU2,OBSERV2,CRVAL2, 
+ CRPIX2,CDELT2,CTYPE2,CROTA,ARRAY2,NX,NY,NZ,IBGN,JBGN,--'790) 

c - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

STOP 'Normal program completion' 
WRITE (*,*) ' Error doing conversion in SKYPIX in sector ',NNN 
STOP 'Error in program completion' 
WRITE (*,*) ' Error doing map placement in PUTMAP in sector ',"N 
STOP 'Error in program completion' 

700 

710 

720  STOP 'Error converting pixel in PIXCO 
730 STOP 'Error in COPIX' 
750 STOP 'Error reading file in GETFTS' 
790 s top  'error in writing file in wrfits' 

END 
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